The resolution of reaction filters for intermediate-energy heavy-ion collisions based upon charged-particle and neutron multiplicity measurements with 4 coverage is compared for 112 Snϩ 112 Sn and 124 Snϩ 124 Sn collisions at E/Aϭ40 MeV. The quality of event characterization is inferred from the azimuthal correlations of ␣ particles emitted at intermediate rapidity and from the Z distributions of projectilelike fragments emitted at forward angles. For central and midimpact parameter collisions, the associated charged-particle multiplicity appears to provide better impact-parameter selection than the associated neutron multiplicity.
For energetic nucleus-nucleus collisions, many experimental observables are predicted to exhibit a strong dependence upon impact parameter ͓1͔. Reaction models are therefore most sensitively tested by ''exclusive'' experiments which provide reaction filters capable of selecting events according to narrow ranges of impact parameters. For intermediate-energy nucleus-nucleus collisions, such a selection is often obtained from the multiplicity of emitted neutrons ͓2͔ or charged particles ͓3͔. Only limited information about the relative selectivity of various reaction filters is available ͓4-9͔, and no quantitative comparison of neutron and charged-particle multiplicity filters exists.
A number of examples underline the importance of a comparison of event selection based upon neutron and charged-particle multiplicity measurements. Very similar neutron multiplicity (N N ) distributions were observed in ArϩAu ͑and Th͒ collisions at E/Aϭ44 and 77 MeV ͓10͔. However, over the energy range E/Aϭ35-110 MeV, the multiplicity distribution of charged particles (N C ) was observed to extend to higher values of N C with increasing beam energy ͓11͔. Bi at E/Aϭ28 MeV, selected by cuts ͓12͔ on high neutron ͑N N у29͒ or chargedparticle multiplicities ͑N C у18͒ or by a two-dimensional cut on both ͑N N Ͼ22, N C Ͼ9͒ ͓13͔, indicated the survival of a target and projectilelike source ͓12,13͔. In these measurements, fragment emission occurred predominantly from the breakup of a ''neck zone'' situated intermediately between the two heavy residues ͓13͔. On the other hand, collisions of 197 197 Au at E/Aϭ35 MeV, selected by a ''central'' cut on high charged-particle multiplicity ͑N C у24͒, indicated by predominantly isotropic fragment emission from a single, nearly equilibrated source ͓14,15͔. A comparison between neutron and charged-particle multiplicity filters revealed higher multiplicities of intermediate mass fragments ͑IMF͒ when central SnϩSn collisions were selected by cuts on N C than when selected by cuts on N N ͓16͔. These observations raise the question ͓16͔ of whether the selection of small impact parameters by cuts on N N provides a resolution comparable to that provided by cuts on N C .
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Examination of other observables with a strong impact parameter dependence, such as the azimuthal distribution of ␣ particles emitted at intermediate rapidity ͓9͔ or the charge distribution of projectilelike fragments ͑PLF͒ emitted at small angles, can provide information about the relative resolution of the two reaction filters. These techniques are applied, for the first time, in this paper to evaluate the relative resolution of reaction filters based upon neutron and charged-particle multiplicity measurements.
The experiment was performed at the National Superconducting Cyclotron Laboratory at Michigan State University. To optimize the relationship between impact parameter and emitted particle multiplicity, symmetric reactions were studied ͓1͔. To explore the sensitivity to the N/Z ratio of projectile and target, we performed measurements for . For each event, the associated neutron multiplicity was measured with the SuperBall neutron multiplicity meter ͓17͔, the largest device of its kind currently available. The neutron-detection efficiency was estimated ͓17͔ to be approximately 80% for emission from a targetlike source, 50% for emission from a projectilelike source, and 65% on average. Coincident charged par-ticles were measured with 280 plastic scintillator-CsI͑TI͒ phoswich detectors of the Miniball/Miniwall array ͓18,19͔ mounted in the SuperBall scattering chamber ͓20͔. The charged particle array covered approximately 90% of 4. It provided isotopic resolution for H and He nuclei and elemental resolution for heavier fragments ͑Zр20͒ with approximate energy thresholds of E th /AϷ2.2 MeV ͑4.5 MeV͒ for Zϭ3 ͑Zϭ10͒ particles detected in the Miniwall at 5.4°р lab р25°, and E th /AϷ1.5 MeV ͑2.5 MeV͒ for Zϭ3 ͑Zϭ10͒ particles detected in the Miniball at 25°р lab р160°, respectively. Projectilelike fragments with Zу15 were detected in a Si-CsI͑Tl͒ array ͑300 m Si and 20 mm CsI͒ covering the angular range of 2.5р lab р5.4°. The event trigger required the detection of at least two charged particles in the Miniball/Miniwall array.
Multiplicity distributions of detected charged particles ͑N C ͒ and neutrons (N N ) are shown in the left and right panels of Fig. 1 Sn. Dotted and solid curves show distributions measured in coincidence with the event trigger and in coincidence with two ␣ particles detected at 25°р lab р60°. For ease of presentation, these two curves are normalized to unit area, even though the 2␣-coincidence requirement at 25°р lab р60°reduces the trigger yield by a factor of three. The event trigger suppresses low neutron-multiplicity events corresponding to the most peripheral collisions for which few charged particles are emitted. An additional, more significant suppression of peripheral events arises from the 2␣-coincidence requirement ͑solid curves͒ needed for the construction of the azimuthal correlation functions discussed below. The left ͑right͒ long-dashed vertical lines delimit the upper ͑lower͒ multiplicity boundaries for the peripheral ͑cen-tral͒ collision gates which delimit the lower ͑upper͒ 5% of the areas under the solid curves. The dotted vertical lines show analogous 5% cuts for the event trigger ͑used in Fig. 4͒ without the 2␣-coincidence requirement. The dashed and dot-dashed curves show the shapes of the N N (N C ) distributions selected by central and peripheral cuts on N C (N N ); for ease of presentation, these curves were normalized to subtend an area of 0.5. Narrow cuts on N C produce rather broad distributions in N N and vice versa-thus corresponding cuts on N C and N N select different, though somewhat overlapping classes of events.
In order to explore the selectivity of cuts on N C and N N , we investigate the shapes of azimuthal ␣-␣ correlation functions which have been shown to strongly correlate with various reaction filters ͓9͔. For the reactions considered here, these correlations are dominated by a rotational motion which produces a characteristic ''V shape'' of the azimuthal correlation function ͓9,21-24͔. The azimuthal ␣-␣ correlation functions are defined as
Here Y ␣␣ ( 1 , 1 , 2 , 2 ) is the coincidence yield for the detection of two ␣ particles at polar and azimuthal angles i and i (iϭ1,2͒ and Y back ( 1 , 1 , 2 , 2 ) denotes the ''background'' yield constructed by the event mixing technique ͓25͔. The sum in Eq. ͑1͒ extends over all pairs of ␣ particles within a given bin of ⌬ ␣␣ ϭ͉ 1 Ϫ 2 ͉ ͑defined over the interval ͓0°, 180°͔͒ and with 25°р lab р60°. The cut on lab selects ␣ particles emitted at approximately 90°Ϯ30°in the center-of-mass system. To reduce possible many-body Coulomb distortions for particles emitted at very low energy and eliminate small-angle distortions from the decay of particleunstable 8 Be nuclei, the summations were further constrained by E ␣,lab Ͼ40 MeV and E rel Ͼ250 keV, where E rel is the kinetic energy in the ␣-␣ center-of-momentum system ͓26͔. Sn and 112 Snϩ 112 Sn, respectively. The 2␣-coincidence requirement at 25°р lab р60°re-duces the trigger yield by a factor of three, but for ease of presentation the two curves were normalized to unit area. The left ͑right͒ long-dashed vertical lines delimit the upper ͑lower͒ multiplicity boundaries for the peripheral ͑central͒ collision gates which delimit the lower ͑upper͒ 5% of the areas under the solid curves. The dotted vertical lines show analogous 5% cuts for the dotted curves which represent the event trigger without the 2␣-coincidence requirement. For a more quantitative discussion ͓9͔, we have fitted the measured ␣-␣ correlation functions with the functional form ͓9,23,24͔
where the parameters a 1 and a 2 provide a measure for sideward directed and rotational flow, respectively ͓24͔. Representative fits are shown by the curves in Fig. 2 If one assumes that the shape of the ␣-␣ correlation function is primarily determined by the impact parameter of the collision ͓27͔; then one is led to the conclusion that the impact parameter is better determined by cuts on N C than on N N and that, further, an additional cut on N N does not improve the impact parameter selection. It is, however, conceivable that many-body Coulomb final-state interactions could attenuate the original emission pattern, thus leading to decreasing values of a 2 as a function of N C , but not N N , for a fixed impact parameter. While an accurate determination of final-state Coulomb distortions requires knowledge of the complete many-body emission function, we have estimated their possible importance via many-body Coulomb trajectory calculations ͓30͔, assuming an instantaneous release of all charged particles from the surface of a hot rotating gas, modeled as in Ref. ͓21͔. Specifically, we used a realistic element distribution and source parameters ͓21͔, ͑R/c,T͒ϭ͑0.08, 10 MeV͒ and ͑0.1, 5 MeV͒, adjusted to provide an approximate description of the average ␣-particle energy spectrum and to produce azimuthal ␣-␣ correlations comparable to those measured. For simplicity, all particles were treated as point particles moving under the influence of their mutual Coulomb forces. This ansatz is likely to overestimate the effect of final-state Coulomb interactions due to the assumed compact initial geometry and the neglect of finite emission times. For such an extreme scenario, we found that many-body Coulomb interactions could reduce the unperturbed values of a 2 by up to 50% for N C ϭ40. While significant, the calculated distortions cannot account for the observed variation of a 2 with N C ͑by a factor of eight͒ when central collisions are selected by N N .
An alternative observable expected to strongly correlate with impact parameter is the Z distribution of projectilelike fragments ͑PLF͒ observed at forward angles. curves, respectively͒. In this particular case, the 2␣-coincidence restriction is unnecessary; thus peripheral and central cuts represent 5% cuts of the normal event trigger yields ͑indicated by the dotted vertical curves in Fig. 1͒ . The PLF distributions selected by cuts on N C are narrower than those selected by cuts on N N . For peripheral cuts, this difference may be less significant, but for central cuts this difference is large, suggesting much improved impact parameter selection by central cuts on N C ͓28͔.
Qualitatively, a superior impact parameter selectivity of reaction filters based on charged-particle multiplicity may be explained in a simple participant spectator picture. Very peripheral ''binary'' collisions produce large numbers of thermal neutrons, but very few charged particles. This large thermal neutron multiplicity may present a ''background noise'' which washes out the impact parameter sensitivity for more violent collisions for which energetic neutrons and charged particles are emitted from the overlap zone between projectile and target. For charged particles, on the other hand, the background from peripheral collisions is small. Further, energetic charged particles emitted from the overlap zone are detected with higher efficiency than neutrons. The combination of these effects could lead to an improved N C signal as soon as the overlap between projectile and target becomes appreciable.
In summary, we studied symmetric collisions of Sn with combined 4-detection capability for neutrons and charged particles. We found strong evidence that better impact parameter selectivity is provided by cuts on charged particle multiplicity than by cuts on neutron multiplicity, at least over the small to mid impactparameter range associated with significant charged particle emission ͓28͔. This observation does not preclude the possibility that a judicious combination of charged-particle and neutron-multiplicity information might allow an additional constraint on the total dissipated energy, which is expected to fluctuate even for collisions at a fixed impact parameter. However, an experimental proof in principle for this latter possibility still needs to be established. 
